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Abstract: During long-term treatment with peritoneal dialysis both perito-
neal membrane structure and function undergo significant changes that not only cor-
relate with the time under treatment, but also with the frequency and severity of infec-
tions. In addition, peritoneal dialysis fluid bio-incompatibility may constitute a hazard
for the longevity of the peritoneum as the dialysis membrane. In particular, the presence
of glucose degradation products may lead to impaired peritoneal cell function as well as
to increased protein glycation and peritoneal AGE deposition. Results from recent pro-
spective randomised studies suggest that treatment with new GDP-depleted PD fluids
may lead to a significant improvement of clinical outcomes in PD patients.
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Introduction

The peritoneal membrane of patients undergoing long-term peritoneal
dialysis is repeatedly exposed to an unphysiological environment that includes
uraemic toxins, dialysis fluids, and plasticizers. In addition, many patients expe-
rience acute peritonitis episodes that are characterised by a massive leukocyte
influx into the peritoneal cavity. This phenomenon is controlled by a complex
network of cytokines and chemotactic factors. As a consequence of severe peri-
toneal inflammation a denudation of the peritoneal mesothelium and damage to
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the underlying interstitium may follow. The ensuing wound-healing process in-
volves the synthesis of extracellular matrix components and the repopulation of
the denuded areas by mesothelial cells [1]. Recent in vitro studies suggest that this
process may, however, be impaired in the presence of conventional PD fluids [2].

Peritoneal membrane changes may, however, also occur in patients who
have never experienced a peritonitis episode. Typical morphological changes
such as the thickening of the submesothelial compact zone are already present
in pre-dialysis and haemodialysis patients; however, progressive membrane thi-
ckening and subendothelial hyalinization of blood vessels were reported to cor-
relate with the duration of PD [3]. Likewise, the peritoneal membrane of animals
with experimental uraemia shows higher vascularisation and permeability, with the
accumulation of advanced glycation end-products (AGE) and angiogenic growth
factors [4]. These alterations were further amplified by peritoneal dialysis.

Not only morphological, but also functional membrane alterations may
depend on the type of dialysis solution that has been used. As an example, expo-
sure of the peritoneal membrane to hypertonic glucose solutions was shown to
correlate with an increase in solute transport over time [5]. In addition to glu-
cose, glucose degradation products (GDP) may contribute to this phenomenon.
In experimental animals, intra-peritoneal infusion of GDP-containing solutions
results in a peritoneal accumulation of methylglyoxal, the GDP, and of AGE
and their receptor (RAGE) [6]. AGE accumulation in the peritoneal membrane,
on the other hand, correlates with changes in peritoneal transport and ultrafiltra-
tion [7, 8]. Exposure of peritoneal mesothelial cells to GDP increased the for-
mation of AGE and expression of RAGE in vitro [9]. In turn, glycated proteins
may activate the production of proinflammatory cytokines by mesothelial cells [10].

Moreover, during peritoneal dialysis mesothelial cells may undergo a
transition from an epithelial phenotype to a mesenchymal phenotype, another
process that may well be related to the mechanisms responsible for the deve-
lopment of high solute transport status [11, 12].

Overall, evidence to date suggests that in addition to the time under
treatment and the frequency of infectious complications, the composition and
biocompatibility of dialysis fluids are important determinants for the longevity
and function of the peritoneal membrane. In earlier years, research on PD bio-
compatibility was focused on the acute effects of buffers, acidity, and hyper-
osmolarity on peritoneal cell functions [13, 14]. More recently, however, evi-
dence has accumulated that glucose degradation products are strongly involved
in the pathogenesis of chronic peritoneal membrane dysfunction, either directly
or indirectly via the enhanced formation and deposition of advanced AGE. As a
consequence, PD fluids with neutral pH and reduced GDP content were deve-
loped and recently introduced into clinical practice. In these new glucose-based
PD fluids highly concentrated glucose at a very low pH is separated from
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catalyzing electrolytes and buffers in dual-chambered containers [15]. This not
only allows the use of different buffer systems (bicarbonate; lactate; lactate/bi-
carbonate) but also facilitates a neutral or near-neutral pH after mixing of the
two solution compartments prior to i.p. infusion.

In the meantime, a growing number of studies indicate that the in vitro-
biocompatibility profile of the new solutions is significantly improved compa-
red to conventional PD fluids [16, 17]. In contrast, GDP exert direct cytotoxic
effects on peritoneal mesothelial cells [18-20]. Animal experiments have indi-
cated that, in contrast to conventional fluids, PD solutions with reduced GDPs
content induce no major haemodynamic effects [21] and reduce the peritoneal
deposition of AGE, RAGE and collagen [6]. Chronic exposure of rats to PD
solutions with low GDP and neutral pH moreover resulted in less irritation to
the peritoneal membrane and better preservation of mesothelial cell morphology,
compared with animals receiving conventional solutions [22, 23].

Recent clinical trials and ex vivo-studies have added further evidence to
the potential benefits of reducing GDP exposure. Patients treated with bicarbo-
nate- and bicarbonate/lactate-buffered PD fluids displayed improved peritoneal
macrophage function and host defence [24]. A randomized, prospective clinical
trial compared a new 25 mmol/L bicarbonate plus 15 mmol/L lactate with a
conventional 40 mmol/L lactate-buffered peritoneal dialysis solution and found
relief of inflow pain and improved ultrafiltration in patients treated with the new
solution [25]. Reduction of inflow pain was also reported in a randomized,
double-blind, cross-over study of new bicarbonate (38 mM) or bicarbonate (25
mM)/lactate (15 mM) containing PD fluids [26]. Another two-year randomized
clinical trial showed improved membrane transport characteristics and effluent
CA-125, a proposed marker of peritoneal membrane integrity, with the new
fluid as compared to standard PDF [27]. A highly significant increase in efflux-
ent CA-125 was also observed with Balance, a new lactate-buffered, dual-
chambered solution, when compared to standard PD fluid in a large randomized
prospective cross-over trial [28]. The increase in CA-125 following treatment
with bicarbonate/lactate- or bicarbonate-buffered fluids was also confirmed by
two prospective randomized trials in APD patients [29, 30]. Moreover, clinical
studies using Balance [28], Gambrosol-Trio [31], and Bicavera (Schmitt CP et
al, NDT 2003;18 Suppl 4: 210, abstract) reported a reduction of systemic AGE
levels with the new solutions. These results suggest that the new solutions may
have a clinical impact beyond the peritoneal membrane. In fact, the Euro
Balance Trial [28] has already indicated that the use of the new PD solution was
associated with an improvement in residual renal function. Finally, the data
from a large Korean registry (more than 1.900 patients followed for more than 3
years) suggested the improved survival of patients treated with new PD fluid
(Balance) compared to those receiving conventional PD fluid [32, 33]. Whilst
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these results are very hopeful indeed they will need to be confirmed by rando-
mised controlled trials.

Conclusions

Chronic exposure of the peritoneum to conventional PD fluids induces
alterations of both membrane structure and function that in some patients may
ultimately result in ultrafiltration failure and inadequate dialysis. Whilst the pre-
cise mechanisms leading to this complication remain to be fully elucidated, evi-
dence available to date suggests that the reduction of glucose degradation pro-
ducts by using new multi-chambered PD solutions may significantly attenuate
this problem and potentially improve clinical outcomes in chronic PD patients.

REFERENCES

1.Yung S., Davies M. (1998): Response of the human peritoneal mesothelial
cell to injury: an in vitro model of peritoneal wound healing. Kidney Int; 54(6): 2160—69.

2.Morgan L.W., Wieslander A., Davies M. et al. (2003): Glucose degradation
products (GDP) retard remesothelialization independently of D-glucose concentration.
Kidney Int; 64(5): 1854—66.

3. Williams J.D., Craig K.J., Topley N. et al. (2002): Morphologic changes in
the peritoneal membrane of patients with renal disease. J Am Soc Nephrol; 13(2): 470-9.

4.Kakuta T., Tanaka R., Satoh Y. et al. (2003): Pyridoxamine improves func-
tional, structural, and biochemical alterations of peritoneal membranes in uremic perito-
neal dialysis rats. Kidney Int; 68(3): 1326-36.

5.Davies S.J., Phillips L., Naish P.F., Russell G.I. (2001): Peritoneal glucose
exposure and changes in membrane solute transport with time on peritoneal dialysis. J
Am Soc Nephrol; 12(5):1046—-1051.

6.Mortier S., Faict D., Schalkwijk C.G. ef al. (2004): Long-term exposure to
new peritoneal dialysis solutions: Effects on the peritoneal membrane. Kidney Int;
66(3): 1257-65.

7.Honda K., Nitta K., Horita S. et al. (1999): Accumulation of advanced gly-
cation end products in the peritoneal vasculature of continuous ambulatory peritoneal
dialysis patients with low ultra-filtration. Nephrol Dial Transplant; 14(6): 1541-9.

8. Nakayama M., Kawaguchi Y., Yamada K. ef al. (1997): Immunohistochemi-
cal detection of advanced glycosylation end-products in the peritoneum and its possible
pathophysiological role in CAPD. Kidney Int; 51: 182—6.

9.Lai K.N., Leung J.C., Chan L.Y. et al. (2004): Differential expression of re-
ceptors for advanced glycation end-products in peritoneal mesothelial cells exposed to
glucose degradation products. Clin Exp Immunol; 138(3): 466-75.

Contributions, Sec. Biol. Med. Sci XXVIII/1 (2007) 275-281



PD and Loss of Peritoneal Function 279

10. Nevado J., Peiro C., Vallejo S. et al. (2005): Amadori adducts activate
nuclear factor-kappaB-related proinflammatory genes in cultured human peritoneal
mesothelial cells. Br J Pharmacol; 146(2): 268-79.

11. Aroeira L.S., Aguilera A., Selgas R. ef al. (2005): Mesenchymal conver-
sion of mesothelial cells as a mechanism responsible for high solute transport rate in peri-
toneal dialysis: role of vascular endothelial growth factor. Am J Kidney Dis; 46(5): 938—48.

12. Yanez-Mo M., Lara-Pezzi E., Selgas R. et al. (2003): Peritoneal dialysis
and epithelial-to-mesenchymal transition of mesothelial cells. N Engl J Med; 348(5):
403-13.

13. Jorres A., Gahl G.M., Frei U. (1995): In vitro studies on the effect of dia-
lysis solutions on peritoneal leukocytes. Perit Dial Int; 15: S41-5.

14. Jorres A., Gahl G.M., Frei U. (1994): Peritoneal dialysis fluid biocompati-
bility: does it really matter? Kidney Int Suppl; 48: S79-86.

15. Lage C., Pischetsrieder M., Aufricht C., Jorres A. et al. (2000): First in
vitro and in vivo experiences with stay-safe balance, a pH-neutral solution in a dual-
chambered bag. Perit Dial Int; 20 (Suppl 5): S28-S32.

16. Jorres A., Williams J.D., Topley N. (1997): Peritoneal dialysis solution
biocompatibility: inhibitory mechanisms and recent studies with bicarbonate-buffered
solutions. Perit Dial Int; 17 (Suppl 2): S42-6.

17. Sundaram S., Cendoroglo M., Cooker L.A. et al. (1997): Effect of two-
chambered bicarbonate lactate-buffered peritoneal dialysis fluids on peripheral blood
mononuclear cell and polymorphonuclear cell function in vitro. Am J Kidney Dis; 30:
680-9.

18. Witowski J., Korybalska K., Wisniewska J. et al. (2000): Effect of glucose
degradation products on human peritoneal mesothelial cell function. J Am Soc Nephrol;
11(4): 729-39.

19. Witowski J., Wisniewska J., Korybalska K. ez al. (2001): Prolonged Expo-
sure to Glucose Degradation Products Impairs Viability and Function of Human Peri-
toneal Mesothelial Cells. J Am Soc Nephrol; 12(11): 243441.

20. Witowski J., Bender T.O., Wisniewska-Elnur J. ef al. (2003): Mesothelial
toxicity of peritoneal dialysis fluids is related primarily to glucose degradation products,
not to glucose per se. Perit Dial Int; 23(4): 381-90.

21. Mortier S., De Vriese A.S., Van D. et al. (2002): Hemodynamic effects of
peritoneal dialysis solutions on the rat peritoneal membrane: role of acidity, buffer choice,
glucose concentration, and glucose degradation products. J Am Soc Nephrol; 13(2): 480-9.

22. Wieczorowska-Tobis K., Brelinska R., Witowski J. ef al. (2004): Evidence
for less irritation to the peritoneal membrane in rats dialyzed with solutions low in glu-
cose degradation products. Perit Dial Int; 24(1): 48-57.

23. Ikehara O., Nishimura H., Naito T. et al. (2005): Effects of neutral pH and
reduced glucose degradation products in a new peritoneal dialysis solution on morpho-
logy of peritoneal membrane in rats. Nephron Exp Nephrol; 100(1): e30-9.

24. Mackenzie R.K., Jones S., Moseley A. et al. (2000): In vivo exposure to
bicarbonate/lactate- and bicarbonate-buffered peritoneal dialysis fluids improves ex vivo
peritoneal macrophage function. Am J Kidney Dis; 35(1): 112-21.

Prilozi, Odd. biol. med nauki XXVIII/1 (2007) 275%+281



280 Jorres A., Witowski J., Bender T.O.

25. Tranaeus A. (2000): A long-term study of a bicarbonate/lactate-based peri-
toneal dialysis solution — clinical benefits. The Bicarbonate/Lactate Study Group. Perit
Dial Int; 20(5): 516-23.

26. Mactier R.A., Sprosen T.S., Gokal R. ef al. (1998): Bicarbonate and bicar-
bonate/lactate peritoneal dialysis solutions for the treatment of infusion pain. Kidney
Int; 53(4): 1061-7.

27. Rippe B., Simonsen O., Heimburger O. ef al. (2001): Long-term clinical
effects of a peritoneal dialysis fluid with less glucose degradation products. Kidney Int;
59(1): 348-57.

28. Williams J.D., Topley N., Craig K.J. et al. (2004): The Euro-Balance
Trial: the effect of a new biocompatible peritoneal dialysis fluid (balance) on the
peritoneal membrane. Kidney Int; 66(1): 408—18.

29. Fusshoeller A., Plail M., Grabensee B., Plum J. (2004): Biocompatibility
pattern of a bicarbonate/lactate-buffered peritoneal dialysis fluid in APD: a prospective,
randomized study. Nephrol Dial Transplant, 19(8): 2101-6.

30. Haas S., Schmitt C.P., Arbeiter K. et al. (2003): Improved acidosis correc-
tion and recovery of mesothelial cell mass with neutral-pH bicarbonate dialysis solution
among children undergoing automated peritoneal dialysis. J Am Soc Nephrol; 14(10):
2632-8.

31. Zeier M., Schwenger V., Deppisch R. et al. (2003): Glucose degradation
products in PD fluids: do they disappear from the peritoneal cavity and enter the
systemic circulation? Kidney Int; 63(1): 298-305.

32. Lee H.Y., Park H.C., Seo B.J. et al. (2005): Superior patient survival for
continuous ambulatory peritoneal dialysis patients treated with a peritoneal dialysis fluid
with neutral pH and low glucose degradation product concentration (Balance). Perit
Dial Int; 25(3): 248-55.

33. Lee H.Y., Choi H.Y., Park H.C. et al. (2006): Changing prescribing prac-
tice in CAPD patients in Korea: increased utilization of low GDP solutions improves
patient outcome. Nephrol Dial Transplant,; 21(10): 2893-9.

Pe3snme

MHNEPUTOHEAJIHA JTUJAJIN3A U T'YBUTOK
HA TIEPUTOHEAJIHATA ®YHKIINJA
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Bo Tekot Ha JONTOTPajHUOT TPETMAH CO NepUTOHEATHa JI1jan3a ABETe, IepH-
TOHEaJ HaTa MeMOpaHCKa CTPYKTypa Kako W (hyHKIHjata MpeTpIryBaaT 3HAYajHH TIPO-
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MEHH KOM HE €aMo IITO KOPEIUpaaT co BPEeMETO Ha TPETMaHOT, HO HCTO Taka H CO
¢bpekBeHnujara u jaunHata Ha uHekuuute. [loHatamy, U OHO-KOMIIATHOMIHOCTA HA
NepUTOHEATHATa JHjAJIM3HA TEYHOCT MOXKE Ja NPeTcTaByBa MOTEHLHUjaJieH PU3MK 3a
JIOJITOTPajHOCTA HA MEPUTOHEYMOT Kako aujanu3Ha memOpana. [loceGHO, mpucyTHOCTA
Ha MIYKO3HUTE Aerpafanusku MPOLYKTH MOXKAaT Ja BOJAAT IO BiowleHa (yHKIHja Ha
NEPUTOHECATHHUTE KIETKH KaKO M JI0 IIOKaYeHH INIMKO3HMIALMCKY U IEPUTOHEATHH JeTo-
3WUTH Ha 3aBPIIHHUTE NMPOAYKTH Ha INIMKO3Wnanujata. PesyaraTure ox CKOpeUIHUTE Npo-
CHEKTUBHM PAaHIOMHU3MPAaHU CTYAWU CyrepHpaar Jieka TPETMaHOT CO HOBHTE HEpPHTO-
HeaJHH TEYHOCTU CO HaMaJleHa KOHLIEHTpalija Ha INTMKO3WIALMCKH Aerpajganusku mpo-
IyKTH MOXe J1a laJie 3Ha4ajHO M0J00pyBambe Ha KIMHHYKHOT MCXO]l Kaj MAlUeHTUTE Ha
NepUTOHEAIIHA JIUjan3a.

Kayuynu 360poBM: nepuToHeasHa aWjalik3a, MEPUTOHUTUC, TIMKO3a Jerpaianusku
MPOJIYKTH.
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